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ABSTRACT
The present study was undertaken to find the phytochemical presence, antioxidant potential, 
antimicrobial activity, and anticancer activity of methanol extract of Berberis aristita. Plant extract 
showed the presence of antioxidants like alkaloid, saponin, terpenoids, coumarin, flavonoids, tannin, 
glycoside and steroid. Further, antioxidant assay like DPPH (Diphenyl-2-picrylhydrazyl) assay, 
hydrogen peroxide assay and reducing power assay was done. DPPH free radical Scavenging Activity 
was expressed in % inhibition with L Ascorbic acid as standard showing IC50 9.6μg/ml and that of 
extract was 33.31μg/ml. Hydrogen peroxide radical scavenging activity was comparable to standard, 
IC50 for L Ascorbic acid is 54.23µg/ml and that of B. Aristita is 60.6µg/ml. Similarly, reducing power 
of plant extract at different concentration was comparable with L-Ascorbic Acid. Antimicrobial 
screening showed good positive result with Candida albicans, Salmonella typhii, Pseudomonas aeruginosa and 
Escherichia coli. Cell viability assay; MTT; showed a significant cytotoxicity to MDA-MB-231 and U-87 
MG human cancer cell line compared to NIH/3T3 standard embryonic  fibroblast cell lines of mouse.
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INTRODUCTION
Medicinal plants have been used for centuries 
before the advent of the orthodox medicine. 
Plants still constitute one of the major sources of 
drugs in modern as well as traditional medicine 
throughout the world [1].  Plants show enormous 
versatility in synthesizing complex materials are 
retired to as secondary metabolites [2] , could be 
of therapeutic significance in many areas of 
medicine. Dietary constituents along with plant 
secondary metabolites viz., flavonoids, phenolic 
and glucosinolate compounds have been 
explored for significant antioxidant and anti-
carcinogenic properties [3, 4]. 
In fact increased efforts are being made to 
isolate bioactive products from medicinal plants 
for their possible utility in cancer treatment. 
Natural products now have been contemplated 
of exceptional value in the development of 
effective anticancer drugs with minimum host 
cell toxicity [5, 6].
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The investigation of anti-tumor agents from 
natural resources has been greatly emphasized in 
order to find useful drugs for medical treatment 
of human malignancies, including solid tumors
[7]. It has been proposed that sequential use of 
cytotoxic agents could improve the anti-cancer 
therapy by inhibiting tumor cell proliferation and 
phenotypic diversification [8]. Over 50% of the 
drugs in clinical trials for antitumor activity were 
isolated from natural sources or are related to 
them [9]. 
Among the 7,000 species of medicinal plants 
recognized all over the world, more than 900 
types of precious medicinal plants are said to be 
found in Nepal [10]. Among it, Berberis aristata L. 
(Berberidaceae), Daruharidra in Sanskrit, chutro 
in Nepali, a native of the high altitude Himalayan 
region, is traditionally used in India and Nepal to 
accelerate the process of wound healing. Its use 
in the management of infected wounds has also 
been described in Ayurvedic classical texts [11].  
Antimicrobial properties of berberine and of 
berberine bearing plants have been evaluated and 
these were found to exhibit good activity against 
the Acquired Immune Deficiency Syndrome 
(AIDS) related opportunistic pathogens Candida 
albicans, Cryptococcus neoformans and Mycobacterium 
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intracellularae [12]. Berberine hydrochloride was 
also found to exhibit significant activity against 
the fungi Candida albicans, C. tropicalis and C. 
glabrata [13]. There is also a solitary report of the 
antibacterial activity of B. asiatica in-vivo, another 
species of the genus Berberis [14]. In view of 
nature of this work, it was planned to examine 
the in vitro antibacterial activity of methanolic 
crude preparations of the stem bark of B. aristita
along with the antioxidant property and 
anticancer effect, with an objective of substan-
tiating the validity of its traditional use.
MATERIALS AND METHODS
Sample preparation
B. aristata stem were collected from Daman 
and was identified by botanist Prof. Dr. Rana B. 
Chettri at Kathmandu University, Dhulikhel, 
Nepal. The stem was washed thoroughly with tap 
water and shade dried at room temperature (24-
26°C) and then pulverized by a mechanical 
grinder. The powder was then passed through a 
40-mesh sieve and stored in a well closed vessel 
until use.
Solvent Extraction
Methanol extraction or warm extraction was 
done using Soxhlet apparatus. 5 gram of the 
crushed sample along with 200 ml of methanol 
was put into the soxhlet apparatus. The soxhlet 
was run for 28 hours at 65°C. The methanol 
extract was taken from the soxhlet apparatus and 
green pigment was removed using Hexane in the 
separating funnel. The methanol fraction was 
then dried using rotary evaporator and various 
concentrations were made dissolving in Dimethyl 
Sulfoxide (DMSO).
Phytochemical Screening
Various Phytochemical Screening tests were 
done to find the presence of the active chemical 
constituents such as alkaloids, glycosides, 
terpenoids and steroids, flavonoids, reducing 
sugar and tannin by the standard procedure [15, 
16, 17, 18]. Protocols are described shortly as 
mentioned below.
Test for reducing sugars (Fehling’s test)
Equal volume of Fehling A and Fehling B 
reagents were mixed together and 2 ml of it was 
added to crude extract and gently boiled. A brick 
red precipitate appeared at the bottom of the test 
tube indicated the presence of reducing sugars.
Test for glycoside
4 ml of extract solution was dried till 2 ml. To 
it was added 1-2 ml of Ammonium hydroxide and 
shaken. Appearance of cherish red color indicates 
the presence of glycosides.
Salkowski’s test
Crude extract was mixed with 2ml of 
chloroform. Then 2 ml of concentrated H2SO4
was added carefully and shaken gently. A reddish 
brown color indicated the presence of steroidal 
ring, i.e., glycone portion of the glycoside.
Keller-Kilani test
Crude extract was mixed with 2 ml of glacial 
acetic acid containing 1-2 drops of 2% solution 
of FeCl3. The mixture was then poured into 
another test tube containing 2ml of concentrated 
H2SO4. A brown ring at the interface indicated 
the presence of cardiac glycosides.
Test for polyphenols and tannins
Crude extract was mixed with 2 ml of 2% 
solution of FeCl3. A blue-green or blue- black 
coloration indicated the presence of polyphenols 
and tannins.
Test for flavonoids   
Crude extract was mixed with few fragments 
of magnesium ribbon and concentrated HCl was 
added drop wise. Pink or magneta red colour 
appeared after few minutes which indicated the 
presence of flavonoids.
Test for saponins
Crude extract was mixed with 5ml of distilled 
water in a test tube and it was shaken vigorously 
for 30 seconds. The formation of stable foam (1 
cm height) even after 30 minutes was taken as an 
indication for the presence of saponins.
Test for steroids
Crude extract was mixed with 2ml of 
chloroform and concentrated H2SO4 was added 
sidewise. A red colour produced in the lower 
chloroform layer indicated the presence of 
steroids. Another test was performed by mixing 
crude extract with 2 ml of chloroform. Then 2ml 
of each of concentrated H2SO4 and acetic acid 
were poured into the mixture. The development 
of a greenish coloration indicated the presence of 
steroids.
Test for terpenoids 
Crude extract was dissolved in 2ml of 
chloroform and evaporated to dryness. To this, 
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2ml of concentrated H2SO4 was added; a reddish 
brown coloration at the interface indicated the 
presence of terpenoids.
Test for alkaloids
Crude extract was mixed with 2ml of 1% HCl 
and heated gently. Mayer’s and Wagner’s 
reagents were then added to the mixture. 
Turbidity of the resulting precipitate was taken 
as evidence for the presence of alkaloids.
Test for coumarins
Extract solution is concentrated to yield a 
residue. Dissolve residue in hot water. After 
cooling divide solution in two test tubes. To one 
test tube add 10% (w/v) Ammonium hydroxide. 
Other test tube is used as control. Fluorescence 
color indicates the presence of coumarins.
Antioxidant Assay
Diphenyl-2-picrylhydrazyl (DPPH) 
radical scavenging activity
Extract was mixed with 160µmol L-1 DPPH 
in methanol. After 20 min incubation at room 
temperature in the dark, the absorbance was read 
at 517nm. Methanol was used as blank and 
DPPH solution without extract, as control [19].
The inhibitory percentage of DPPH (% 
scavenging activity) was calculated as: 
A0: absorbance of control
A1: absorbance of the sample
Hydrogen peroxide scavenging assay
Hydrogen peroxide scavenging assay is an 
assay for the determination of antioxidant 
activity of compounds by their ability to 
scavenge the oxidant hydrogen peroxide. A 
solution of hydrogen peroxide (40 mmol L-1) was 
prepared in phosphate buffer (40 mmol L-1, pH 
7.4). Plant extracts at various concentrations 
were added to a hydrogen peroxide solution (40 
mmol L-1). The absorbance of the reaction 
mixture was recorded at 230 nm. The blank 
solution contained phosphate buffer without 
hydrogen peroxide. The percentage of hydrogen 
peroxide scavenged by the plant extract was 
calculated as follows [20].
Percentage of scavenged: 
A0: Absorbance of control
A1: Absorbance in the presence of plant extract
Reducing power activity
Reducing power activity was determined by 
the K3Fe (CN6) FeCl3 method [21]. Each test 
sample was mixed with 200 mmol L-1 phosphate 
buffer (pH 6.6) and 1% Potassium Ferricyanide 
(K3Fe (CN6). The mixture was incubated at 37 
°C for 20 min. An equal volume of 10% 
trichloroacetic acid was added to the mixture, the 
mixture was centrifuged at 3000 rpm for 10 min. 
The supernatant was mixed with deionized water 
and 0.1% Ferric Chloride (FeCl3) at a ratio of 1: 
1: 2. The resulting absorbance was measured at 
700 nm. Increased absorbance of the reaction 
mixture indicated reducing power.
Antimicrobial Screening
Antibacterial and antifungal activities were 
tested using Disc diffusion method. Fungal strain 
Candida albicans, and other bacterial strains 
Pseudomonas aeruginosa, Klebsiella pneumonia, 
Salmonella typhii, Staphylococcus aureus, Escherichia 
coli were subjected to sensitivity test. Whatman 
Filter 1 disc (6mm), was  dipped in extract of 
various concentrations and introduced on the 
upper layer of the seeded agar plate with 
microbial concentration equivalent to Mc 
Forland unit 1. Standard antibiotic disc 
Chloramphenicol 30 mcg and Nistatin 30 mcg 
were used for bacterial strain and fungal strain 
respectively. The plates were incubated overnight 
at 37°C. Microbial growth inhibition was 
determined by measuring the diameter of zone of 
inhibition [22, 23]. Results are expressed as 
average of triplicates.
MTT Assay
The MTT assay is a test of metabolic 
competence based upon assessment of 
mitochondrial performance, relying on the 
conversion of a yellow dye 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT) to the purple formazan derivative by 
mitochondrial succinate dehydrogenase in viable 
cells [24]. The cell lines; standard embryonic  
fibroblast cell lines of mouse (NIH/3T3), breast 
cancer cell line (MDA-MB-231) and brain tumor 
cell line (U-87 MG); were incubated with MEM 
medium, supplemented with 10% fetal calf 
serum, 2 mM glutamine, 100 U/mL streptomycin 
and 100 U/mL penicillin at 37°C with 5% CO2. 
For experiments, cells were plated in 12-well 
plates. After 24 hr, the extracts dissolved in 
(A0-A1)/A0x100
H2O2= (A0 - A1)/A0 × 100
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DMSO were added. Cells were also treated with 
DMSO only in amount equivalent to that of 
extracts and control consisted of only media. At 
the end of 72 hr incubation, the medium in each 
well was replaced by fresh medium containing 
0.5 mg/mL of MTT. Three hours later, the 
formazan product of MTT reduction was 
dissolved in Isopropanol, and absorbance was 
measured using a Spectrophotometer. The effect 
of extracts was determined as the percentage of 
reduced dye in the control samples at 570 nm 
[24, 25]. Results are expressed as average of 
triplicates.
RESULTS AND DISCUSSION
The result from phytochemical screening of 
Methanolic extract showed high amount of 
alkaloid. The percentage of total crude alkaloid is 
2.45% and one of the active constituents-
berberine; a major alkaloids; calculated through
HPTLC densitometric method was 3.55%. and 
tannin 0.935% [26]. Other phytochemicals like 
steroids, flavonoids, coumarin and terpenoids are 
also present in trace amount (Table 1). The 
major alkaloid of the plant has been reported to 
be berberine [27] is  a  well-known  isoquinoline  
alkaloid  isolated  from  Berberis, that  are  
commonly  used  in  the  herbal  medicine  in  
China  and  in  other  Asian  countries  for  the -
treatment of patients  with  gastrointestinal  dis-
orders, and as an antibiotic [28, 29].  Experi-
mental observation declared that the plant 
extract were sensitive against C Albicans, S typhii, 
P aeruginosa and E coli,  while it didn’t show any 
activity against K pneumonia, S aureus (Table 2). In 
tissue-cultured cell assays tannins have shown 
antiviral, antibacterial and antiparasitic effects 
[30, 31, 32].  DPPH radical scavenging is 
considered a good in-vitro model widely used to 
assess antioxidant efficacy within a very short 
time.
The DPPH free radical scavenging of 
antioxidants is due to their hydrogen donating 
ability, the plants with higher hydrogen donating 
Table 1. Result of Phytochemical screening of B aristita.
Phytochemicals Presence Phytochemicals Presence
Alkaloids +++++ Reducing Sugar +
Coumarin ++ Saponin +
Flavonoids + Steroids ++
Glycosides + Tanin +
Polyphenol + Tri terpenoids +
(-) denotes absence and (+, ++, +++) denotes presence in increasing order by visual observation of experiment.
Table 2: Antimicrobial Screening
Extract (ZOI in mm) Standard
Microorganism 20mg/ml 15mg/ml 10mg/ml 5mg/ml
C. Albicans 12 11.5 10 9 18
P. aeruginosa 7 - - - 13
K. pneumoniae - - - - 15
S. typhii 11 9 7.5 6.5 26
S. aureus - - - - 23
E.  coli 14 11 7 - 21
(-) denotes no sensitivity or resistant.
donating capacity have shown higher DPPH free 
radical scavenging activity [33]. The scavenging 
activity on DPPH radical of B. aristita have 33.31
μg/ml IC50 value compared to standard i.3. L 
Ascorbic acid IC50 is 9.6 μg/ml (Figure 1).
Hydrogen peroxide (H2O2) is highly important 
because of its ability to penetrate biological 
membranes. H2O2 itself is not very reactive, but 
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it can sometimes be toxic to cell because it may 
give rise to hydroxyl radical in the cells [34]. The 
results showed that B. aristita have an effective 
H2O2 scavenging activity. The percentage 
scavenging activity on hydrogen peroxide radical 
is 81.8% of extract at the concentration of 100
μg/mL. This result is similar to that of L-
Ascorbic Acid standard showing inhibition 
percentage 86.7%. IC50 for L Ascorbic acid is 
54.23µg/ml and that of B. aristita is 60.6 µg/ml 
(Figure 1b).
The reducing ability of a compound generally 
depends on the presence of reductants which 
have been exhibited antioxidative potential by 
breaking the free radical chain, donating a 
hydrogen atom [35]. The plant extract reduces 
mostly Fe3+ions, in a concentrated dependent-
manner. The high reducing power is the high 
absorbance at 700 nm. Reducing power is 
compared with L-Ascorbic Acid (Figure 1c). MTT 
Assay showed significant cytotoxicity to breast 
cancer cell line (MDA-MB-231) and brain tumor 
cell line (U-87 MG) in comparison to mouse 
embryo fibroblast cell line. 
Figure 1. (a) DPPH radical scavenging activity of B. Aristita as compared with L Ascorbic Acid. (b) Hydrogen peroxide 
scavenging activity of B. Aristita as compared with L-Ascorbic Acid. (c) Reducing power of B. Aristita at different 
concentrations as compared with L-Ascorbic Acid.(d) Cells were treated with different concentrations of B. 
Aristita for 72 hr.
For both MDA-MB-231 and U-87 MG cancer 
cell line the cell viability at extract concentration 
40 μg is almost half of NIH/3T3 ie at that 
concentration cell viability forNIH/3T3 is 50% 
while that for the two cancercell lines is arround 
25% only and there is differ ence in other extract 
concen-trations also (Figure 1d) which shows 
that the plant has anti cancer activity. This cell 
death on extract treatment can be correlated to 
mechanism  of  action  of  the  highly aromatic 
nearly planar quaternary  structure  of  berberine 
attributed  to  its  ability to  intercalate  with  
DNA.  intercalation  in  combination  with the 
inhibition of protein  biosynthesis  (which  is  
the  major  mode  of  action  of  berberine)  
could  be  responsible for  the  observed  cyto-
toxic effect [36]. Previous research also 
demonstrated that berberine is selectively accu-
mulated by mitochondria on K1735-M2 melano-
ma cells, arresting cell proliferation, causing 
mitochondrial fragmentation and depolarization, 
oxidative stress and a decrease in ATP levels. A 
decrease in the number of mitochondria-like 
structures and in mitochondrial DNA copy num-
a b
dc
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ber was also found [37]. The work by Barretoet 
al. also confirmed the relevance of positively 
charges on the selective accumulation of 
alkaloids in mitochondria [38]. Work  of some 
authors showed  that  berberine  brings  about  
aggregation of DNA and  induction  of apoptosis 
and displays antitumor  activity against  human  
and  rat  malignant  brain  tumor cells  [39, 40]. 
Other authors found  that  berberine inhibits  the  
synthesis of DNA and reverse transcriptase,  
while Krishnan reported that it inhibits  
topoisomerases  I  and  II [41, 42].
CONCLUSION
We have been able to show that the stem bark 
of B aristata, contains different compounds that 
have health benefits. The amount of alkaloids is 
high, as expected, because the plant is reported 
to have berberine, a major plant alkaloid. The 
plant extract also showed antifungal and 
antibacterial activity against major pathogens. 
Also, the extract showed antioxidant activity 
comparable to that of L Ascorbic Acid and in 
correlation to previous research conducted, our 
results elucidate B. aristata has potential 
anticancer properties and a detailed investigation 
is suggested.
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